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(54) Controller for a synchronous rectifier and power converter employing the same 



(57) For use in a power converter having a power 
switch and a synchronous rectifier device coupled be- 
tween an input and an output thereof, a transient re- 
sponse network, method of disabling a synchronous 
rectifier device and power converter employing the net- 
work and method. In one embodiment, the transient re- 



sponse network includes a synchronous rectifier con- 
troller, coupled to the power switch and the synchronous 
rectifier device, that senses a state of the power switch 
and disables the synchronous rectifier device when the 
power switch has remained in a nonconducting state for 
at least a specified period of time. 
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Description 

T chnical Fieid of the Inv ntion 

[0001] The present invention is directed, in general, 
to power conversion and, more specifically, to a control- 
ler for a synchronous rectifier, method of disabling asyn- 
chronous rectifier and a power converter employing the 
controller and method. 

Background of the Invention 

[0002] A converter is a power processing circuit that 
may have an input-output isolation transformer and gen- 
erally operates to convert an input voltage waveform 
with a DC component into an output DC voltage wave- 
form. The presence of an isolation transformer often re- 
quires the use df a rectifier circuit in the converter output 
circuit to perform the waveform conversion. The tradi- 
tional rectifier uses rectifying diodes that conduct the 
load current only when forward biased in response to 
the input waveform. In some rectifiers {i.e., synchronous 
rectifiers), the diodes are replaced by controllable 
switches that are periodically biased into conduction 
and nonconduction modes in synchronism with the pe- 
riodic waveform to be rectified. In self-synchronized syn- 
chronous rectifiers, the biasing of the synchronous 
switches is supplied directly from the transformer to ac- 
tivate the synchronous switches. Further, in direct drive 
synchronous rectifiers, a drive signal is supplied from a 
separate source to the synchronous switches, while tim- 
ing is provided from drive circuitry, 
[0003] Converters are subject to abnormal conditions, 
such as turn-on and turn-off transients, as well as sud- 
den changes in load and input voltage. When a convert- 
er uses synchronous-rectification, an additional precau- 
tion should be taken during these conditions since such 
converter can provide bi-directional power flow, and 
therefore bi-directional current flow through the convert- 
er. This means that the output of the converter can un- 
intentionally become a power source and vice versa. 
[0004] Turn-on transients become major concerns in 
systems where two or more converters employing syn- 
chronous rectification are connected in parallel without 
or-ing diodes or current unidirectional switches. In such 
cases, if proper control of synchronous rectifiers is not 
used, one of the converters could behave as a load, 
sinking current from the other converter, even'al no load 
condition. Not only is such a system inefficient, but it 
could inhibit normal start-up during initial turn-on. 
[0005] Turn-off transients are also important system 
concerns. If the synchronous rectifier, connected across 
the output, commonly through an inductor, is not disa- 
bled during this transition, a negative voltage at the out- 
put can occur due to resonance between an inductor 
and an output capacitor in a loop with the synchronous 
rectifier. Since it is a current bi-directional device, the 
synchronous rectifier allows negative inductor current 



flow that results in a negative output voltage, which, in 
most cases will destroy the load. This problem may also 
occur when two or more converters are connected in 
parallel. 

5 [0006] Additionally, transients within the converter 
should be unloaded in such a fashion as to not damage 
the components therein or the load connected to the 
converter. If the load is suddenly removed from the con- 
verter, the energy stored in the inductor is suddenly dis- 

10 charged to the output capacitor. This discharge causes 
a voltage increase in the output capacitor and, conse- 
quently, on the output connectors. The increased volt- 
age (commonly called a voltage overshoot) is propor- 
tional to the size of the inductor employed, the current 

75 through the inductor and size of the output capacitor. 
[0007] As this voftage dramatically increases above 
its steady state value, the feedback loop (including a 
controller) disables the main switch via a driver and en- 
ables the synchronous rectifier so that the energy stored 

20 in the inductor continues to circulate through low resist- 
ance thus low dissipative synchronous rectifier. Conse- 
quently, most of the energy stored into the inductor is 
discharged into the output capacitor. 
[0008] One such condition occurs when power stored 

25 in an output capacitor is discharged back into the con- 
verter, causing a negative current in the inductor. To 
combat this problem, various converters monitor the 
current in the inductor and when such current becomes 
negative, the synchronous rectifier is disabled to allevi- 

30 ate the problem. Unfortunately, such systems allow neg- 
ative currents in the power converter which may cause 
damage to various components therein. 
[0009] Accordingly, what is needed in the art is a sys- 
tem and method that provides improved response in 

35 view of transient conditions associated with a power 
converter. 

Summary of the Invention 

40 [0010] To address the above -discussed deficiencies 
of the prior art, the present invention provides for use in 
a power converter having a power switch and a synchro- 
nous rectifier device coupled between an input and an 
output thereof, a transient response network, method of 
4 5 disabling a synchronous rectifier device and power con- 
verter employing the network and method. 
[0011] In one embodiment, the transient response 
network includes a synchronous rectifier controller, cou- 
pled to the power switch and the synchronous rectifier. 
so device, that senses a state of the power switch and dis- 
ables the synchronous rectifier device when the power 
switch has remained in a nonconducting state for at 
least a specified period of time. 

[0012] The present invention introduces the broad 
55 concept of sensing a state of the power switch of a pow- 
er converter and disabling the synchronous rectifier de- 
vice when the power switch remains in a nonconducting 
state for a period of time. Thus, the transient response 
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network reduces the dissipation of energy at the output 
the power converter during a transient condition. 
[0013] For the purposes ot the present invention, a 
transient condition includes any non-steady state con- 
dition of the power converter such as start-up, turn-off 
or temporary removal of the load. Additionally, the func- 
tions of the synchronous rectifier controller may be par- 
titioned into discrete devices whereby one circuit senses 
the state of the power switch and another circuit ena- 
bles/disables the synchronous rectifier device. Follow- 
ing the shut-down of the synchronous rectifier device, 
in an alternative embodiment, the transient response 
network can enable the synchronous rectifier device 
when the power switch returns to a conducting state 
and, preferably only after a specified period of time. 
[0014] in one embodiment of the present invention, 
the synchronous rectifier device is located in a dis- 
charge path between an inductor and an output capac- 
itor of the power converter. The present invention, how- 
ever, is equally applicable to a synchronous rectifier de- 
vice located at any position associated with the power 
converter. 

[0015] In one embodiment of the present invention, 
the power converter further includes a plurality of syn- 
chronous rectifier devices. The synchronous rectifier 
controller is adapted to disable at least one of the plu- 
rality of synchronous rectifier devices. In a related, but 
alternative embodiment, the power converter further in- 
cludes a plurality of power switches. The synchronous 
rectifier controller is adapted to disable the synchronous 
rectifier device when at least one of the plurality of power 
switches has remained in the nonconducting state for at 
least the specified period of time. For instance, in a half- 
bridge converter, the transient response network moni- 
tors two power switches and is adapted to disable two 
synchronous rectifier devices, if necessary. The present 
invention, however, is equally applicable to any power 
converter topology (e.g., a flyback converter) employing 
a synchronous rectifier device. 

[0016] In one embodiment of the present invention, 
the specified period of time is greater than one switching 
cycle of the power. switch. The specified period of time 
is application specific. For instance, in some cases a sin- 
gle switching cycle may be too sensitive and a user may 
wish to extend the period to disable the synchronous 
rectifier device for several switching cycles. Conversely, 
a single switching cycle may be too long a period of time 
and a user may wish to shorten the period lo disable the 
synchronous rectifier device for a fraction of a switching 
cycle. 

[0017] In one embodiment of the present invention, 
the power switch and the synchronous rectifier device 
are selected from the group consisting of a field-effect 
transistor (FET) and a bipolar transistor. Any switching 
device is well within the broad scope of the present in- 
vention. 

[0018] In one embodiment of the present invention, 
the synchronous rectifier controller comprises a logic 



AND gate and a resistor-capacitor circuit. The resistor- 
capacitor circuit and the AND gate cooperate to allow 
the synchronous rectifier controller to disable the first 
synchronous rectifier device when the power switch has 
s remained in the nonconducting state for at least the 
specified period of time. In a related, but alternative em- 
bodiment, the synchronous rectifier controller includes 
a circuit adapted to enable the synchronous rectifier de- 
vice when the synchronous rectifier device has been 

io disabled for a selected period of time. I n an embodiment 
to be illustrated and described, the synchronous rectifier 
controller includes a logic AND gate, a resistor-capacitor 
circuit and an enabling circuit. Of course, other control- 
lers capable of sensing the state of the power switch in 

i$ the power converter and disabling the synchronous rec- 
tifier device under certain conditions are well within the 
broad scope of the present invention. 
[0019] In one embodiment of the present invention, 
the power converter further comprises a pulse-width 

20 modulation (PWM) controller coupled between the pow- 
er switch and the output. The PWM controller is just one 
example of a control circuit that may be employed in the 
power converter of the present invention. 
[0020] The foregoing has outlined, rather broadly, 

25 preferred and alternative features of the present inven- 
tion so that those skilled in the art may better understand 
the detailed description of the invention that follows. Ad- 
ditional features of the invention will be described here- 
inafter that form the subject of the claims of the inven- 

30 tion. Those skilled in the art should appreciate that they 
can readily use the disclosed conception and specific 
embodiment as a basis for designing or modifying other 
structures for carrying out the same purposes of the 
present invention. Those skilled in the art should also 

35 realize that such equivalent constructions do not depart 
from the spirit and scope of the invention in its broadest 
form. 

Brief Description of the Drawings 

40 

[0021] For a more complete understanding of the 
present invention, reference is now made to the follow- 
ing descriptions taken in conjunction with the accompa- 
nying drawings, in which: 

45 

FIGURE 1 illustrates a schematic diagram of a pow- 
er converter employing a prior art synchronous rec- 
tifier controller; 

FIGURES 2A-2F illustrate timing diagrams for the 
so power converter of FIGURE 1 during an unloading 
transient; 

FIGURE 3 illustrates a schematic diagram of a 
switched-mode power converter employing an em- 
bodiment of a synchronous rectifier controller con- 
55 structed according to the principles of the present 
invention; 

FIGURES 4A-4F illustrate timing diagrams for the 
power converter of FIGURE 3 during an unloading 



BNSDOCID: <EP OQ7SPiiftAi i ^ 



3 



5 



EP 0 973 246 A1 



6 



transient; 

FIGURE 5 illustrates an embodiment of a synchro- 
nous rectifier controller constructed according to 
the principles of the present invention; 
FIGURE 6 illustrates another embodiment of a syn- 
chronous rectifier controller constructed according 
to the principles of the present invention; 
FIGURE 7 illustrates yet another embodiment of a 
synchronous rectifier controller constructed accord- 
ing to the principles of the present invention; 
FIGURE 8 illustrates a schematic diagram of a pow- 
er converter employing another embodiment of a 
synchronous rectifier controller constructed accord- 
ing to the principles of the present invention; and 
FIGURES 9A-9K illustrate timing diagrams for the 
power converter of FIGURE 8. 

Detailed Description 

[0022] Referring initially to FIGURE 1 , illustrated is a 
schematic diagram of a power converter employing a 
prior art synchronous rectifier controller. The power con- 
verter 100 receives DC power from a DC source 105. 
The DC source 105 is coupled to a power switch 110, a 
synchronous rectifier 120 and first and second driver cir- 
cuits 115, 125 for driving the power switch 1 1 0 and the 
synchronous rectifier 120, respectively. An output induc- 
tor 1 30 is coupled to the first switch 110 and an output 
capacitor 140 is coupled to the output of the converter. 
A converter output voltage V 0 is measured across out- 
put capacitor 140 and an output current l Q is measured 
from the output of the converter. A load 150 is coupled 
across the output capacitor 140 while a conventional 
feedback controller 160 is coupled to the converter 100 
and delivers control signals to the driver circuits 115, 
125. Finally, a prior art synchronous rectifier (SR) con- 
troller 128 is coupled to the output inductor 130 and to 
the second driver circuit 1 25 for disabling the synchro- 
nous rectifier 120. 

[0023] Turning now to FIGURES 2A-2F, illustrated are 
exemplary voltage and current waveforms for the power 
converter of FIGURE 1 . FIGURE 2A represents the con- 
verter output current l c of FIGURE 1. FIGURE 2B rep- 
resents the state of the main power switch 110 when it 
is in either a conducting or nonconducting state. FIG- 
URE 2C represents the state of the synchronous recti- 
fier 120 when it is in either a conducting or nonconduct- 
ing state. FIGURE 2D represents the converter output 
voltage V c over the time period observed. FIGURE 2E 
represents the output inductor current l L over the time 
period observed. Finally, FIGURE 2F represents syn- 
chronous rectifier current l sr . 

[0024] With continuing reference to FIGURE 1, the 
operation of the converter 100 will hereinafter be de- 
scribed. As can be seen from FIGUREs 2B and 2C, the 
power switch 110 and synchronous rectifier 120 alter- 
nate between a conductive state and a non-conductive 
state. When the power switch 110 conducts, the syn- 



chronous rectifier 120 is non-conductive and vice versa. 
During normal operation, the converter output voltage 
V 0 and the current through the output inductor 1 30 re- 
main fairly constant, with only minor acceptable varia- 
5 tions. 

[0025] An abnormal condition occurs at t=0, when the 
load 150 is removed and the output current l 0 suddenly 
drops to zero and the converter output voltage V G rises 
above is nominal, steady state value. The power switch 

io 110 is shut down and the synchronous rectifier 120 re- 
mains in conductive stater As a result, the converter out- 
put voltage V G rises to an undesirable level Av v Like- 
wise, during this time, the output inductor current l L 
drops at a rate of di L /dt=V 0 (t)/L Likewise, the synch ro- 

is nous rectifier current l sr drops at the same rate. At the 
time t=t XJ both the output inductor current l L and the syn- 
chronous rectifier current l sr both go negative. When the 
prior art synchronous rectifier controller 128 senses the 
negative synchronous rectifier current l sp the synchro- 

20 nous rectifier 120 is disabled and the power switch is 
once again engaged, returning the converter to a normal 
operating mode. This prior art power converter 100 does 
not in any way reduce the value of the undesirable volt- 
age level Av 1 and, consequently, only helps to prevent 

25 negative current flow during start-up and shut-down. 
[0026] Turning now to FIGURE 3, illustrated is a sche- 
matic diagram of a switched-mode power converter 300 
employing an embodiment of a synchronous rectifier 
constructed according to the principles of the present 

30 invention. The power converter 300 receives DC power 
from a DC source 305. The DC source 305 is coupled 
to a power switch 310, a synchronous rectifier 320 and 
first and second driver circuits 315, 325 for driving the 
power switch 310 and the synchronous rectifier 320, re- 

35 spectiveiy. The synchronous rectifier 320 also includes 
a body diode 321 . An output inductor 330 is coupled to 
the first switch 310 and an output capacitor 340 is cou- 
pled to the output of the converter 300. A converter out- 
put voltage V Q is measured across the output capacitor 

^0 340. A load 350 is coupled across the output capacitor 
340 while a conventional feedback controller (e.g., a 
pulse-width modulation controller) 360 is coupled to the 
converter 300 and delivers control signals to the driver 
circuits 315, 325. Finally, a synchronous rectifier (SR) 

45 controller 328 is coupled to the first driver circuit 31 5 and 
to the second driver circuit 325 for disabling the synchro- 
nous rectifier 320. 

[0027] Turning now to FIGURES 4A-4F, illustrated are 
exemplary voltage and current waveforms for the power 

so converter of FIGURE 3. FIGURE 4A represents the con- 
verter output current l 0 of FIGURE 3. FIGURE 4B rep- 
resents the state of the main power switch 310 when it 
is in either a conducting or nonconducting state. FIG- 
URE 4C represents the state of the synchronous recti- 

55 fier 320 when it is in either a conducting or nonconduct- 
ing state. FIGURE 4D represents the converter output 
voltage V c over the time period observed. FIGURE 4E 
represents an output inductor current l L over the time 
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period observed. Finally, FIGURE 4F represents syn- 
chronous rectifier current ! sr 

[0028] With continuing reference to FIGURE 3, the 
operation ot the converter 300 will hereinafter be de- 
scribed. As can be seen from FIGURES 4B and 4C, the s 
power switch 310 and synchronous rectifier 320 alter- 
nate between a conductive state and a non-conductive 
state. When the power switch 310 conducts, the syn- 
chronous rectifier 320 is non-conductive and vice versa. 
During normal operation, the converter output voltage io 
V 0 and the output inductor current l L remain fairly con- 
stant, with only minor acceptable variations. 
[0029] As with the prior art waveforms of FIGURES 
2A-2F, an abnormal condition occurs at t=0, when the 
output current l G drops to zero, the output voltage rises is 
above its steady state value and the converter shuts 
down the power switch 310 and the synchronous recti- 
fier 320 remains in conductive state. As a result, the con- 
verter output voltage V D rises to an undesirable level av 2 
at 1=1.,. The undesirable voltage Av 2 that occurs in this 20 
embodiment is less than the undesirable voltage Av-, ex- 
perienced in the prior art. The undesirable voltage Av 2 
is less because the SR controller 328 senses that the 
power switch 310 has been in a non-conductive state 
for a given time period and immediately shuts down the 25 
synchronous rectifier 320, thus forcing conduction of the 
synchronous rectifier's body diode 321 and limiting the 
converter output voltage V 0 . Once the synchronous rec- 
tifier 320 is shut-down, the converter output voltage V 0 
drops accordingly. 30 
[0030] Likewise, during this time, the output inductor 
current I., and the synchronous rectifier current l Gr drop 
at a rate of dl|/dt=V 0 (t)/L until the synchronous rectifier 
is shut-down at t-, . At this point, the body diode 321 starts 
conducting and the output inductor current l L drops at 35 
an increased rate dl 1 /dt=[V 0 (t)+V dsr ]/L (where V dsr is the 
forward voltage drop of the body diode 321 ). The output 
inductor current l L reaches zero at t=t y , with this time ty 
being less than the time it took the output inductor cur- 
rent l L in the prior art to reach zero at t=t x . Also, the out- 40 
put inductor current l L never goes negative during a tran- 
sient, a definite improvement over the prior art. 
[0031] Additionally, the synchronous rectifier current 
l sr immediately drops to zero when the synchronous rec- 
tifier 320 is shut-down. As a result, the current that ex- 45 
isted prior to shutdown is dissipated through the body 
diode 321. The body diode 321 current l dsr equals the 
output inductor current l L and decays at the same rate. 
Due to the increased voltage drop across the body diode 
321 , more energy previously stored in the inductor 330 so 
is now dissipated in the body diode 312, thus leaving 
less energy to be discharged into the output capacitor 
340. As a result, the voltage overshoot experienced in 
this circuit is much less than that exhibited in the prior 
art. Therefore, this converter 300 prevents negative cur- 55 
rent flow in the converter and consequently prevents the 
presence of negative voltage at the output at turn-off, 
and greatly reduces the voltage overshoot during un- 



loading transients. 

[0032] Turning nowto FIGURE 5 ; illustrated is an em- 
bodiment of a synchronous rectifier controller 500 con- 
structed according to the principles of the present inven- 
tion. The synchronous rectifier (SR) controller 500 in- 
cludes a diode 51 0 which receives an input from the con- 
troller 360 or from the first driver circuit 315 from FIG- 
URE 3. A first capacitor 520 and a first resistor 530 are 
coupled in parallel between the diode 510 and ground. 
An AND gate 540 receives an input from the diode 510 
and its output is coupled to the second driver circuit 325. 
[0033] As stated, the SR controller 500 receives an 
input signal from either the controller 360 or from the 
first driver circuit 31 5. The first capacitor 520 is charged 
whenever the input signal from the controller 360 or first 
driver circuit 315 is high. If the input signal ceases, the 
first capacitor520 is discharged through the first resistor 
530. Once the voltage across the capacitor 520 drops 
below a threshold of the AND gate 540, the output of the 
AND gate 540 goes low and disables the second driver 
circuit 325 for the synchronous rectifier 320. The com- 
bination of the first capacitor 520 and the first resistor 
530 form an RC circuit with a known time constant. This 
filter, together with the known threshold of the AND gate 
540, determine when to disable the synchronous recti- 
fier 320 after the loss of the signal from either the con- 
troller 360 or the first driver switch 31 5. Also, during in- 
itial start-up, the synchronous rectifier 320 will be disa- 
bled until the first capacitor 520 is charged above the 
threshold of the AND gate 540. 

[0034] Turning now to FIGURE 6, illustrated is anoth- 
er embodiment of a synchronous rectifier controller 600 
constructed according to the principles of the present 
invention. The synchronous rectifier (SR) controller 600 
includes first and second stages 500, 610 that receive 
an input from the controller 360 or from the first driver 
circuit 315 from FIGURE 3. The first stage 500 is anal- 
ogous to the embodiment of the synchronous rectifier 
controller of FIGURE 5 and is coupled in series to the 
second stage 610. 

[0035] The second stage 610 includes an OR gate 
that receives a first input from the output of the first stage 
500. Further, an inverter 620 is coupled between the out- 
put of the first stage 500 and a second input of the OR 
gate 650. A second capacitor 630 and a second resistor 
640 are coupled in parallel between a supplied voltage 
V cc and the second input of the OR gate. Finally, the 
output of the OR gate is coupled to the second driver 
circuit 325. 

[0036] This embodiment of the SR controller 600 
functions much like that in FIGURE 5. The first stage 
500 is the same as that in FIGURE 5 except that the 
time constant of the first capacitor 520 and first resistor 
530 is smaller than that in the previous embodiment and 
larger than the time constant of the second. capacitor 
640 and second resistor 630. When the SR controller 
600 loses the signal from either the controller 360 or the 
first driver circuit 325, the output of the AND gate 540 
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goes low, disabling the second driver circuit 325. 
[0037] Once the AND gate 540 goes low, the output 
ot the inverter 620 goes high with the time constant of 
the second capacitor 640 and second resistor 630. Prior 
to the period that the output of the AND gate goes low, 
the second capacitor 640 is charged to the supplied volt- 
age V cc . The second capacitor 640 discharges and, as 
soon as the increasing voltage reaches the threshold of 
the second input of the OR gate 650, the output of the 
OR gate 650 goes high even though the first input is low 
and the synchronous rectifier 320 is enabled. 
[0038] The second stage 610 limits the time during 
which the synchronous rectifier 320 is disabled during 
an unloading transient. This limited disable time further 
improves the transient response of the converter 300 as 
a whole. Without the second stage 610, the synchro- 
nous rectifier could be disabled for a long period of time, 
commonly forcing the converter 300 into a discontinu- 
ous (i.e., non-synchronous) mode of operation at no- 
load or light load conditions. Consequently, the convert- 
er 300 may experience a slower transient response. 
[0039] Therefore, with the addition of the second 
stage, the converter 300 operates in a non-synchronous 
mode for a finite time as determined by the RC time con- 
stant of the second capacitor 640 and the second resis- 
tor 630. After this preselected time period, the converter 
300 resumes synchronous operation. 
[0040] Turning now to FIGURE 7, illustrated is yet an- 
other embodiment of a synchronous rectifier controller 
700 constructed according to the principles of the 
present invention. The synchronous rectifier (SR) con- 
troller 700 includes first, second and third stages 500, 
610, 710 that receives an input from the controller 360 
or from the first driver circuit 31 5 from FIGURE 3. The 
first stage consists of the embodiment of the synchro- 
nous rectifier controller from FIGURE 6, which includes 
the first and second stage 500, 610, coupled in parallel 
with the third stage 710 to first and second inputs of a 
second AND gate 720, respectively. The output of the 
second AND gate 720 is coupled to the second driver 
circuit 325. 

[0041] The third stage 710 includes a second diode 
714 that receives an input from the controller 360 or from 
the first driver circuit 31 5 from FIGURE 3. A third capac- 
itor 716 and a third resistor 718 are coupled in parallel 
between the second diode 714 and ground. The output 
of the third stage is coupled to one input of the second 
AND gate 720. 

[0042] This embodiment of the SR controller 700 
combines the functions of the previous embodiments 
and adds a longer turn-off cycle. As previously dis- 
cussed, the first stage 500 functions to disable the syn- 
chronous rectifier 320 during an unloading transient. 
Further, the second stage 610 functions to limit the time 
during which the synchronous rectifier 320 is disabled 
during an loading transient. Finally, the third stage 710 
is used to turn-off (i.e., disabling) the synchronous rec- 
tifier during converter shut-down and functions similarly 



to the first stage 500. Differences in this stage center 
around the third capacitor 716 and third resistor 718. 
These components are chosen to have a large time con- 
stant. The selected time constant of the third capacitor 

5 716 and third resistor 71 8 is much greater than that for 
the first capacitor 520 and first resistor 530, which in turn 
is greater than that for the second capacitor 640 and 
second resistor 630. This allows for an even longer wait- 
ing time before the synchronous rectifier 320 is turned 

io off after the power switch 310 is turned off. 

[0043] Turning now to FIGURE 8, illustrated is a sche- 
matic diagram of a power converter 800 employing an- 
other embodiment of a synchronous rectifier controller 
870 constructed according to the principles of the 

15 present invention. The power converter 800 receives 
DC power from a DC source 805. First and second ca- 
pacitors 810, 815 are series coupled across the DC 
source 805. Further, first and second power switches 
830, 834 are also coupled together across the DC 
20 source 805. An isolation transformer primary winding 
820 is coupled between the first and second capacitors 
810, 815 and the first and second power switches 830, 
834. 

[0044] First and second secondary windings 824, 828 
25 are coupled together and to first and second synchro- 
nous rectifiers 840, 844. An output inductor 850 is cou- 
pled to the first and second synchronous rectifiers 840, 
844 and to an output capacitor 855. The output capacitor 
855 is also coupled to the center tap between the first 
30 and second secondary windings 824, 828. Finally, a 
load 860 is coupled across the output capacitor 855. 
[0045] The power converter 800 further contains a 
feedback control loop that includes a conventional con- 
troller 880. The controller 880 senses the voltage at the 
35 converter output and sends control signals to a power 
switch (PS) driver 838 and a synchronous rectifier (SR) 
driver 848 via the synchronous rectifier (SR) controller 
870.. 

[0046] The PS driver 838 receives signals from the 
controller 880 and the SR driver 848 and sends a signal 
to the SR driver 848 and the SR controller 870 and drive 
signals to the first and second power switches 830, 834. 
The SR controller 870, upon receiving proper signals 
from the controller 880 and the PS driver 838 sends an 
45 enabling signal to the SR driver 848 that, in turn, delivers 
drive signals to the first and second synchronous recti- 
fiers 840, 844. 

[0047] Turning now to FIGURES 9A-9K, illustrated are 
timing diagrams for the power converter of FIGURE 8. 

50 FIGURE 9A represents the PWM waveform from the 
conventional controller 880. FIGURE 9B represents the 
drive waveform for the first power switch 830 and FIG- 
URE 9C represents the drive waveform for the second 
power switch 834. As is shown, the first and second 

55 power switches 830, 834 do not operate in a conductive 
state at the same time (e.g., the second power switch 
834 is nonconductive when the first power switch is con- 
ductive 830). 
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[0048] FIGURES 9D and 9E represent the waveforms 
for the first second synchronous rectifiers 840, 844, re- 
spectively. The first and second synchronous rectifiers 
840, 844 operate in conjunction with the second and first 
power switches, respectively. When the first power 
switch 830 is conducting, the second synchronous rec- 
tifier 844 is nonconductive and vice versa. Likewise, 
when the second power switch 834 is conductive, the 
first synchronous rectifier 840 is nonconductive and vice 
versa. 

[0049] To further illustrate the relationship between 
the power switches 830, 834 and the synchronous rec- 
tifiers 840, 844, the normal operation of this relationship 
will hereinafter be described. At a time t 0 , an initial state, 
the first power switch 830 will conduct and the second 
power switch 834 will not conduct. In response, the sec- 
ond synchronous rectifier 844 will not conduct while the 
first synchronous rectifier 840 will conduct. During a first 
state, t 0 -t-,, the power switches 830, 834 and the syn- 
chronous rectifiers will 840, 844 remain as in the initial 
state. During a second state, t, -t 2 , neither power switch- 
es 830, 834 will conduct. In response, both synchronous 
rectifiers 844, 840 will conduct. 

[0050] During a third state, t^, the first power switch 
830 will not conduct and the second power switch 834 
will conduct. Likewise, the second synchronous rectifier 
844 will conduct while the first synchronous rectifier 840 
will not conduct. During a fourth state, t 3 -t 4 , both power 
switches 830, 834 will not conduct. In response, both 
synchronous rectifiers 844, 840 will conduct. Common- 
ly, a switching cycle t 5 is represented ast 0 -t 4 . When t=t 4 , 
the switching cycle t 5 is complete and the four operating 
states repeat. 

[0051] FIGURES 9F-9G represent the currents l s1 , 
l s2 , through the first and second power switches, 830, 
834, respectively. FIGURE 9H represents the current 
through the primary winding 820 of the isolation trans- 
former l p . FIGURE 9I-9H represent the currents 1 sr1 , l sr2 , 
through the first and second synchronous rectifiers 840, 
844, respectively. Finally, FIGURE 9K represents the 
current l L through the output inductor 850. 
[0052] During a transient situation, the SR controller 
870 senses the existence of the PWM drive signal as 
illustrated in FIGURE 9A. If the signal is missing for a 
predetermined time (commonly, at least t/2), both the 
first and second synchronous rectifiers 840, 844 will be 
disabled. Depending on the operational requirements of 
the circuit, the SR controller 870 may only disable one 
of the two synchronous rectifiers 840, 844. Another pos- 
sibility for disabling with synchronous rectifiers 840, 844 
include disabling one for half of the switching cycle when 
its corresponding power switch 830, 834 is supposed to 
be enabled (i.e., 830-844 & 834-840). 
[0053] While specific embodiments of the synchro- 
nous rectifier controller have been illustrated and de- 
scribed, other embodiments are well within the broad 
scope of the present invention. Additionally, any con- 
verter topology is well within the broad scope of the 



present invention. For a better understanding of con- 
verters, synchronous rectifiers and control thereof, see 
Power Supply Cookbook by Marty Brown, Butterworth- 
Heinemann (1994), which is incorporated herein by ref- 
5 erence. 

[0054] Although the present invention has been de- 
scribed in detail, those skilled in the art should under- 
stand that they can make various changes, substitutions 
and alterations herein without departing from the spirit 
10 and scope of the invention in its broadest form. 



Claims 

is 1 . For use in a power converter having a power switch 
and a synchronous rectifier device coupled be- 
tween an input and an output thereof, a transient 
response network, comprising: 

a synchronous rectifier controller, coupled to 

20 said power switch and said synchronous rectifier 
device, that senses a state of said power switch and 
disables said synchronous rectifier device when 
said power switch has remained in a nonconducting 
state for at least a specified period of time. 

25 

2. A network as claimed in claim 1 wherein said syn- 
chronous rectifier device is located in a discharge 
path between an inductor and an output capacitor 
of said power converter. 

30 

3. For use in a power converter having a power switch 
and a synchronous rectifier device coupled be- 
tween an input and an output thereof, a method of 
disabling said synchronous rectifier device, com- 

35 prising: 



sensing a state of said power switch; and 
disabling said synchronous rectifier device 
when said power switch has remained in anon- 
conducting state for at least a specified period 
of time. 



40 



4. A method as claimed in claim 3 comprising position- 
ing said synchronous rectifier device in a discharge 
45 path between an inductor and an output capacitor 
of said power converter. 



A method as claimed in claim 3 wherein said power 
converter comprises a plurality of synchronous rec- 
tifier devices, the method further comprising disa- 
bling at least one of said plurality of synchronous 
rectifier devices. 



so 



ss 



A method as claimed in claim 3 wherein said power 
converter comprises a plurality of power switches, 
the method further comprising disabling said syn- 
chronous rectifier device when at least one of said 
plurality of power switches has remained in said 
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nonconducting state for at least said specified peri- 
od of time. 

7. A method as claimed in claim 3 wherein said spec- 
ified period of time is greater than one switching cy- s 
cle of said power switch. 

8. A method as claimed in claim 3 wherein the act of 
disabling is performed by a synchronous rectifier 
controller comprising a logic AND gate and a resis- 10 
tor-capacitor circuit 

9. A method as claimed in claim 3 comprising enabling 
said synchronous rectifier device in a selected pe- 
riod of time following the act of disabling. is 

10. A method as claimed in claim 3 wherein said power 
switch and said synchronous rectifier device are se- 
lected from the group consisting of: 

20 

a field-effect transistor (FET), and 
a bipolar transistor. 

11. A method as claimed in claim 3 comprising control- 
ling said power switch with a pulse-width modula- 25 
tion controller. 

12. A power converter, comprising: 

a power switch coupled to an input of said pow- 30 
er converter; 

an inductor coupled to said power switch; 

an output capacitor coupled to an output of said 

power converter; 

a synchronous rectifier device located in a dis- 35 
charge path between said inductor and said 
output capacitor; and 
a transient response network, comprising: 
a synchronous rectifier controller, coupled to 
said power switch and said synchronous recti- 40 
fier device, that senses a state of said power 
switch and disables said synchronous rectifier 
device when said power switch has remained 
in a nonconducting state for at least a specified 
period of time. 45 

13. A network as claimed in claim 1, or a power con- 
verter as claimed in claim 12, wherein said power 
converter comprises a plurality of synchronous rec- 
tifier devices, said synchronous rectifier controller so 
being adapted to disable at least one of said plural- 
ity of synchronous rectifier devices. 

14. A network as claimed in claim 1 , or a power con- 
verter as claimed in claim 12, wherein said power ss 
converter comprises a plurality of power switches, 
said synchronous rectifier controller being adapted 

to disable said synchronous rectifier device when 



at least one of said plurality of power switches has 
remained in said nonconducting state for at least 
said specified period of time. 

15. A network as claimed in claim 1, or a power con- 
verter as claimed in claim 1 2, wherein said specified 
period of time is greater than one switching cycle of 
said power switch. 

16. A network as claimed in claim 1, or a power con- 
verter as claimed in claim 1 2, wherein said synchro- 
nous rectifier controller comprises a logic AND gate 
and a resistor-capacitor circuit, said resistor-capac- 
itor circuit and said logic AND gate cooperating to 
allow said synchronous rectifier controllerto disable 
said synchronous rectifier device when said power 
switch has remained in said nonconducting state for 
at least said specified period of time. 

17. A network as claimed in claim 1, or a power con- 
verter as claimed in claim 1 2, wherein said synchro- 
nous rectifier controller comprises a circuit adapted 
to enable said synchronous rectifier device when 
said synchronous rectifier device has been disabled 
for a selected period of time. 

18. A network as claimed in claim 1 , or a power con- 
verter as claimed in claim 12, wherein said power 
switch and said synchronous rectifier device are se- 
lected from the group consisting of: 

a field-effect transistor (FET), and 
a bipolar transistor. 

19. A network as claimed in claim 1, or a power con- 
verter as claimed in claim 12, wherein said power 
converter comprises a pulse-width modulation con- 
troller coupled between said power switch and said 
output. 
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